This pilot project was conducted for the purpose of performing a retrospective chart review on selected clients and using the results for evaluating purified protein derivative (PPD) conversion rates among the student population. The occupational risk of exposure to active tuberculosis was assessed in a large dental educational setting. Charts of clients seen in the College's Oral Medicine Clinic, referred out for health care consultation for one of several reasons potentially associated with active tuberculosis disease over a 1 year period, were reviewed. Data sources included the medical consultation log and the tuberculosis log, which were maintained by faculty in the Oral Medicine Clinic. Ninetysix clients met the authors' criteria. However, compiling data was severely hampered for two
H ealth care and clinical laboratory workers are at increased risk of infection from exposure to a variety of airborne organisms, including Mycobacterium tuberculosis, the causative agent for tuberculosis (TB) (CDC, 1994) . One documented source of transmission is through close personal contact with infected clients (CDC, 1991;  Hall, S.S. "The comeback killer, the forgotten plague." The New York Times, August, 1993) . The magnitude of risk for TB transmission to the health care worker (HCW) varies by type of facility, prevalence of TB in the community, and client population served (DiPerri, 1993; Hellman, 1994; Lyzen, 1994; New York City DOH, 1994) . Dental care workers (DCW) providing services in public health clinics, long term facilities such as retirement homes, or correctional facilities and hospitals are usually at a greater risk for exposure than employees in most private practice settings because the ambient air and the demographics of the client population may contribute to airborne transmission of TB (Berman, 1981; Cleveland, 1995; Cocchiarella, 1992; Masbaum, 1993; Menzies, 1995; Ramirez, 1992; Sepkowitz, 1995; U.S. Dept. of Labor [DOL], 1992) . Nonetheless, during dental procedures, clients and dental workers have close contact and share the same air for varying periods of time, suggesting that the potential for TB transmission exists in all dental settings.
In 1991, with an increased awareness of the reemergence of TB as a potentially serious work related health hazard, the College of Dentistry began gradual implementation of a TB control strategy. Screening with purified protein derivative (PPD) was one method used to help assess risk at the College. From 1993 to 1994, approximately 20% of the employees tested (faculty and staff) demonstrated conversions from negative to positive results. Additionally, the conversion rate among students during that same time period, reported by Student Health Services, was approximately 15%. These rates prompted the authors to investigate factors that might potentially contribute to this conversion rate. One interesting, but confounding, finding was the fact that the highest number of staff conversions occurred among individuals reporting no regular client contact.
LITERATURE REVIEW
Tuberculosis cases have increased among various racial and ethnic minorities, foreign born individuals, and individuals with existing health conditions which increase the risk of TB infection or reactivation (CDC, 1991) . Other contributing factors include socioeconomic characteristics, such as poverty, homelessness, limited access to health care, residing in long term care facilities, and low standard housing, as well as substance abuse. However, the recent increase in active TB cases was most directly related to HIV infection (CDC, 1991; Cleveland, 1995; Miller, 1993) because the risk for developing active TB is significantly increased for individuals co-infected with M. tuberculosis and HIV (CDC, 1991; 1994; DiPerri, 1993; Hellman, 1994; Lyzen, 1994; Miller, 1993; New York, 1994; Pollok, 1972; Tuberculosis, 1994) .
As previously stated, many HCWs are also at increased risk for TB exposure because of their work environment. Nosocomial transmission of multi-drug resistant TB has been reported in 7 hospitals, 1 prison, and 1 dental facility. As a result of these outbreaks, 16 HCWs developed active multi-drug resistant TB and at least 5 HCWs died (Beck-Sague, 1992; Berman, 1981; CDC, 1990 CDC, , 1994 Cleveland, 1995; Cocchiarella, 1992; DiPerri, 1993; Masbaum, 1993; Menzies, 1995; Molinari, 1993; New York, 1994; Pearson, 1992; Ramirez, 1992; Sepkowitz, 1995; U.S. DOL, 1992) .
The Centers for Disease Control and Prevention (CDC) Guidelines for Preventing the Transmission of M. tuberculosis in Health-care Facilities (CDC, 1994) identify five levels of risk for occupational exposure to TB, and recommend TB control programs for health care facilities based on the facility's level of risk. The CDC recommendations address infection control plans, engineering controls, personal respiratory protection, and screening and testing of health care workers. Both 378 public and private dental facilities look to these guidelines to help identify their risk level and, subsequently, design a TB control protocol appropriate to their estimated level of risk. A comprehensive control strategy includes but is not limited to TB education and training, client evaluation, surveillance, and infection control (CDC, 1991) .
With respect to dentistry, the guidelines state it is unlikely that infectious TB will be found in the dental setting, and risk for transmission is relatively low during dental procedures (CDC, 1994) . The guidelines recommend baseline and periodic risk assessment for each dental setting to determine appropriate TB infection control policies. Included in these policies are provisions for detection and referral of clients who may have undiagnosed active TB, management of clients with active TB, and employer sponsored education and screening for HCWs (Disease Update, 1995a-c) .
RISK ASSESSMENT
Through a detailed literature review, the authors identified several factors that can affect results of PPD testing. None of these variables were controlled for in the early employee screening attempts at the College from 1993 to 1994. Therefore, the reliability of the previously reported employee and student conversion rates (20.9% and 15%, respectively) was suspect. To reevaluate the risk, the authors conducted a carefully planned PPD screening on a selected student population for I academic year. These variables were considered and controlled for as much as possible during the student PPD screening.
In May 1994, the authors developed a PPD testing protocol which controlled for operator competence, number of operators involved in the testing process, and product variability. The results of this study have been previously published (Murphy, 1996) . The study population was limited to those students entering their junior year (N=158) because they were all of similar age and had not yet had any significant client/clinic exposure. Relevant data about health history and demographic characteristics were collected on one page survey forms. Each member of the junior class with no previous history of positive PPD was tested using the standardized Mantoux method as recommended by the CDC.
The first test was conducted in August 1994, with a follow up test performed in July 1995 (at the beginning and end of the junior year). It is during this period in the academic schedule that students begin their first extended client contact, i.e., they spend a minimum of 32 hours/week providing dental care to clients. The results showed a 10.7% conversion rate. However, it was not possible to determine whether the conversions were due to client exposure at the College, community exposure, or possible exposure during a 1 week hospital rotation. Attempts to answer the exposure source question led the authors to examine a segment of the client population. The findings reported in this article are the results of a retrospective client chart review on a sample of clients registered at the College during the PPD study period.
MATERIALS AND METHODS
The Oral Medicine Clinic is the point of entry for all clients at the College of Dentistry. This clinic provides services in three separate areas: Admissions, Emergency, and Clinical Oral Pathology Clinics.
The Admission Clinic is responsible for registration and initial evaluation of all clients seeking routine care. The Emergency Clinic provides emergency dental services for all newly registered clients, as well as those already in the dental care system who present for an emergency procedure. The Clinical Oral Pathology Clinic provides diagnostic and therapeutic care to clients with various oral soft tissue lesions.
Upon registration for the Admission or Emergency Clinics, all clients complete a detailed health history form with questions pertaining to any current health conditions, significant previous illnesses, and a list of all current medications and allergies. The health history form is then reviewed by a dental student who also performs a complete review of systems, as well as an extra-oral and intra-oral examination. If, after the client interview, the student and the supervising faculty require additional information, a written health consultation is formulated and given to the client to be completed by the health care provider. All health consultations are recorded by the faculty in a log book for future reference and follow up. In addition, any referral specifically written for TB related issues is logged in a separate book developed for tracking purposes. Both logs are maintained by the Oral Medicine faculty.
The rationale for using the Oral Medicine clinic is as follows: • All walk-in and new clients enter the system through this clinic; these are clients who have unknown health histories at the time of entry. • All clients already in the system who develop signs and symptoms or present other evidence suggesting a change in their health status, including active TB, are immediately referred by the student/faculty to the Oral Medicine clinic for further evaluation.
• Oral Medicine faculty are especially well versed in evaluating health conditions and determining which clients require further outside health evaluation prior to receiving or continuing dental care.
During lectures in basic sciences, students are educated in detail about many diseases, including TB. They are taught to recognize the signs and symptoms suggesting TB (e.g., fatigue, weakness, night sweats, unexplained weight loss, productive prolonged cough), the pathogenesis and transmission of TB, the difference between latent infection and active disease, contributing socioeconomic factors, the management and referral of clients suspected of having infectious TB, and the principles of TB infection control. Faculty and staff receive similar information about TB during annual training sessions.
The health condition of new and walk-in clients is ascertained by the student in several ways. A health history form is completed by the client. This form contains questions specific to history or current signs and symptoms of TB. A client interview is conducted by the student who reviews the health history form at this time. AUGUST 1997, VOL. 45, NO.8 Additional information is collected pertaining to factors that place an individual in a higher risk group for TB, such as: • Being HIV positive. • Recent immigration from a country with high TB prevalence. • Recent or current dwelling in a homeless shelter or correctional facility. • Close/familial contact with active TB.
• History of being PPD positive with no follow up chest radiograph.
Logs
A graduate student volunteered to review both the health consultation and TB logs for the names of all clients seen in the Oral Medicine Clinic between September 1994 and August 1995 who were referred out for reasons associated only with potentially active TB. The selected names were then cross checked between both logs to avoid duplication. This revised listing served as the basis for deciding which charts to review. A total of 96 names comprised the final list.
Survey
A brief information form (survey) was developed to collect the following information on the 96 selected clients: demographic information, reasons for referral, membership in a high risk group for TB, and follow up information pertaining to the physician's visit.
RESULTS
It is important to stress that the findings, as stated below, should be interpreted with caution. The initial study group was very small (N=96). This number was reduced even further because of non-returning clients and missing/lost charts. However, the data represent an earnest attempt to identify all new client evaluations or any specific referrals to the Oral Medicine Clinic in any way related to active TB for a 1 academic year period.
Sample
During the academic period September 1994 through August 1995, a total of 23,340 clients presented to the Oral Medicine Clinic. As this clinic is initially the entry point for all clients, the authors believe this sample is representative of the College's general client population. The number of clients referred out for consultation for any reason was 1,259 (5.4%). From this group, 96 clients (7.6%) met review criteria for a TB related referral (see Table 1 ). Of these 96 clients, only 77 charts (80.2%) were evaluated for the study, with 19 charts (19.8%) lost to follow up (see Figure 1 ).
Return Rate
Most of the findings (i.e., demographics, reasons for referral, presence of risk factors) are based on these 77 (N=77) charts. However, a significant number of clients (41, or 53.2%) never returned completed forms; therefore, reported "health evaluation" information is based only on the 36 clients (46.8%) returning completed forms. 
(57%)
Patient discontinued care 4 (0.4%) Under tx for active TB but not infectious
Demographics (N=77)
The age of the group ranged from 16 through 81 years, the largest being 31 to 40 years (36%). The mean 380 age was 43.5 years and the median age was 39 years. The group was divided according to gender, including 40 men (52%) and 37 women (48%). 
Referral
Reasons for referral (N=77) can be classified as follow s: • 59 clients (76.6%) had a history of being PPD positive with no follow up chest radiograph report. • 44 client s (57%) reported a history of TB. • I client ( 1.3%) reported a famil y member with a history ofTB. No data were colle cted about country of birth . Eighteen clients (23.3%) currently reported one or more sig ns and symptoms sugges tive of TB . Of these 18 clients, 6 (33%) had a history of anti-TB medications, 5 (28%) reported a persistent cough, and 4 (22%) complained of shortness of breath ( Figure 2 ).
Social Risk Factors (N=77)
The study population was evaluated for characteristics potentiall y placing them in a higher risk group for TB. Fifty-nine (77%) reported the following: • 5 (8.5%) were HIV positive. • 45 (76.2%) were members of a low socioeconomic group based on their active Medicaid status. • 10 (16.9%) were elderly (i.e., older than 65 years old). • 16 (29%) reported more than one risk factor (see Figure 3 ). Of the clients who had a health care evaluation completed (N=4 1), written notes from their health care provider indicated: • 16 (36%) had been tested with PPD. • 14 (32%) had chest radiographs ordered because they tested PPD positive or had respiratory symptoms (all were negative). • 9 (20%) had sputum samples cultured (all were negative). • 20 (45%) were given prophylactic TB medication.
Only four (9.8%) clients were identified as possibly having active TB. This was based primarily on the fact that all four clients were taking multiple medications used as anti-TB medications. However, follow up telephone conversations with each of their health care providers showed that, while all four clients had been diagnosed with active TB (one with miliary TB), they all had been treated successfully and were no longer infectious. None of the four clients had active TB when they were seen in the Oral Medicine Clinic at the time of their initial visit to the Dental Center. More detailed information was collected on these four clients and is summarized in Table 2 .
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DISCUSSION
Health care facilities have been identified as high risk workplaces for occupational TB exposure. Many rely on the 1994 CDC Guidelines (CDC, 1994) to help them develop an effective TB control program.
A preliminary step in establishing a TB control plan for any health care facility is conducting a risk assessment. Aspects relevant to risk assessment include community profile, results of employee PPD screenings, and number of infected (active) TB clients admitted or seen in the facility (CDC, 1994) .
Risk Assessment
Community Profile. Other researchers have demonstrated an association between risk of TB exposure and "zip code zone" in which one lives (Bailey, 1995) . The College clinics draw clients from several zip code zones which have been ranked as having a high number of cases by the New York City Department of Health (New York City DOH, 1994) .
The sheer volume of client contacts at this facility is noteworthy. During 1994, the College reported 288,000 client visitslcontacts per year. In terms of risk factors associated with the client population, the authors identify three: many are foreign born, many are HIV positive, and many fall into a lower socioeconomic group (41% of the registered clients receive Medicaid assistance). Bailey (1995) demonstrated that community exposure to TB can predict the TB skin test conversion rate among health care workers. Likewise, an important study by Sepkowitz (1995) of health care workers in a New York City hospital reported that "of 313 consecutive new employees comprising all job categories, 40% were PPD positive at the time of initial hire" and concluded that the high prevalence of tuberculin reactivity may reflect high rates of M. tuberculosis infection and disease in the community.
Results of Employee/Student PPD Screenings. To evaluate the results of a TB screening using PPD, several facts must be acknowledged. First, deficiencies inherent in the screening method itself, including product variability, technician error, and age of the individual being tested have been identified by previous researchers (Bailey, 1995; McCarter, 1942; Murphy, 1996; Shands, 1994; Starkey, 1995) .
Early preliminary employee TB screening efforts at the College from 1993 to 1994 showed a 20.9% conversion rate. However, the testing suffered from several methodological weaknesses, including technician variability, operator competency, and recall bias associated with this effort, resulting in questionable data. In addition, the highest rate of PPD conversion from negative to positive occurred among employees reporting no or minimal contact with clients. Second, it is helpful to compare the PPD conversion rate at a specific facility with rates of similar groups. Geographically, New York City has been identified as a high risk TB area with a case rate four times the national average. Similarly, the New York City Department of Health suggested the PPD conversion rate within this city varies greatly among subgroups and can range from 10% to 40% (Beck-Sague, 1992; CDC, 1990) .
Among comparable health care worker groups, data are available for hospital based employees with PPD conversion rates ranging from 2% to 48%, depending on worksite within the facility (Miller, 1993; Molinari, 1993; Pearson, 1992; Pollok, 1972) . However, while data are scarce for DCWs, a 1993 study by Miller (1993) demonstrated an upward change in PPD conversion rates among dental students from 6.5% to 33% over the course of 4 years.
Number ofInfected (Active) TB Clients Admitted or Seen in the Facility. This is one of the most difficult criteria to assess in an ambulatory dental care setting and it is the purpose of this retrospective chart review. Lacking the ability to make a definitive diagnosis of active TB on site, the College's health referral population was selected in an attempt to ascertain any documentation of active disease. AUGUST 1997, VOL. 45, NO.8 
Methodological Deficiencies
This pilot project suffered from methodological deficiencies, most notably, possible underreporting and attrition.
Underreporting ofPotential Cases. A large number of clients (23, 340) were seen in the Oral Medicine Clinic during the academic year, September 1994 through August 1995.It is possible that during very active times in the clinic when the client load increased and/or the number of DCWs decreased, some clients who should have been referred out for health clearance were overlooked. Likewise, faculty may have referred out some clients but neglected to "log" them in. Therefore, the number of clients requiring healthffB clearance may be underreported. However, because all students are instructed to review the health questionnaire with each client, and all students and faculty are taught the signs, symptoms, and risk factors associated with tubercular disease, the authors suggest the number of clients with active TB potentially overlooked is minimal.
Attrition. The project also suffered from a high rate of attrition. The original cohort of 96 clients meeting the authors' criteria for chart review was reduced to 77, because 19 (20%) of the charts were never located. From a total of 77 clients, 41 (43%) of the original cohort (N=96) returned completed health evaluation forms. Absence of critical follow up information about the 36 clients who never returned could have resulted in an underreporting of active TB cases passing through the dental clinic. Again, because of the comprehensive student education program, periodic faculty and staff training, and written TB protocol posted in all clinic areas (Figure 4) , exposure risk was minimized. Although some of the non-returning referrals could have had active TB, if students/faculty complied with the protocol, the length and amount of contact the DCW with these clients was, most likely, also minimized.
Other Limitations
Only one individual reviewed all charts. This reviewer was a licensed dental hygienist and a long term College employee familiar with both the facility and the charting system. While the selection of only one reviewer eliminated the risk of interrater error, no test for intrarater reliability was performed. In addition, the survey form was never tested for validity or reliability. Both these shortcomings have potential for influencing the data.
Data about "country of origin" were not collected because this information is not routinely included anywhere in the client's chart. The authors need to determine whether this information is important and, if so, modify the health questionnaire to collect the data.
Because the data were collected for only 1 academic year, the term "baseline assessment" rather than "surveillance" is more accurate. In addition, although the findings were used to determine the facility's level of risk per CDC Guidelines, too many uncontrolled variables were present, preventing reliable statistical analysis. Therefore, this effort is considered a pilot project.
When reviewing the charts, it appeared faculty were referring some clients for health clearance (related to -positive PPD skin test with a negative chest X-ray ... on INH (isoniazid) only as preventive therapy (usually has hx of a positive PPD reaction) ... someone who is currently on anti TB medications, with proof of non contagion (see above)
NB: II All but emergency dental work should be deferred on a patient who has, or is at high risk of having active TB II (NYS Dept. of Health memorandum dated 3/13/92, p.14 (5B) potential TB) without sufficient cause, specifically clients who were HIV positive but asymptomatic and clients who reported themselves as PPD positive but were also asymptomatic. One disadvantage to a retrospective review is the inability to recreate the situation exactly as it occurred. The College's protocol clearly states that when signs and symptoms suggestive of active TB are evident, the client is referred out for health evaluation. However, frequently the information obtained during a face to face conversation with a client is not as clear. For example, it is difficult to conclude the client is a poor historian, denying an obvious cough, or falsely testing PPD negative. Often in these circumstances the faculty member reviews all the small aspects of the encounter and, relying on professional judgment, chooses to refer certain clients for health evaluation prior to providing further dental care.
CONCLUSION
The reemergence of TB, and in particular, multidrug resistant TB, presents a serious challenge to HCWsfDCWs. Employers, practitioners, and other dental personnel need to educate themselves about the disease and initiate a baseline assessment of occupational risk at their facility. Once the risk is accurately assessed, a comprehensive control program designed to protect the health of both clients and workers should be established. Peri-odic reassessment of risk and control strategies needs be an established, ongoing component of any control program (Murphy, 1996) .
Application of the criteria recommended by CDC (i.e., community profile, results of TB screening, admission of exposure to clients with active TB) is more easily achieved in an inpatient setting such as a hospital or nursing home.
The results of early (flawed) TB screening efforts at the College resulted in a follow up study (which controlled for several important variables) to ascertain PPD test conversions among a student sample prior to clinic client exposure. The conversion rate following this pilot study was 10.7% and raised additional questions. First, what is the PPD conversion rate at other colleges of dentistry? A mail survey sent by one of the authors (DCM) to all accredited colleges of dentistry in the United States and Canada in 1993 revealed that 79% of these schools had no PPD data available for their students. The complete results of this survey are the topic of another article (Murphy, in press ). As mentioned earlier, few PPD studies about DCWs are found in the literature. Existing studies often have design weaknesses. Second, recent reports in the literature suggesting community exposure may account for PPD conversions in HCWs and findings of an inverse relationship between client contact and PPD con-version to positive lead the authors to question the accurate level of occupational risk at their facility.
The follow up strategy of chart review, albeit suffering from limitations, was unable to document one client with active, contagious tubercular disease receiving dental care at the institution during academic year 1994 to 1995.
The CDC Guidelines (1994) state:
For outpatient facilities, if TB cases have been documented in the community but no TB patients have been examined in the outpatient area during the preceding year, the area can be designated as Very Low Risk.
